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TheConcept 

The Lisa has evolved to be a fairly complex and expensive system to build. Our Initial 
idea of what the hardware would be has grown significantly due to software 
requirements and has greatly increased the cost of the Lisa system to Apple and the 
customer. 

The Lisa system has numerous boards in it. The boards/subsystems included in 
the Lisa assembly are: * 

o l-CPU 

o 1 - I/O .,.-.'. 

o 2 - 1/2 MB Memory cards 

o l '- Power Supply 

o-l -video 

o 2 - Floppy Disk Drives 

o l - Profile Hard disk assembly 

The goal of the Whopper is to repackage the above hardware in the existing Lisa 
package in such a way that the packaging design is minimized while the same 
functionality is provided to the user for lower cost, in specific, the Card 
Cage, power supply, video board, and the Disk assemblies would be changed 
while much of the package and the keyobard would remain the same . The Lisa card 
cage contains four plug-in cards; the Whopper logic will be contained on two 
.cards. In addition a hard disk can be installed in place of one of the floppy 
drives, thus eliminating the cost of one floppy and the Profile packaging and 
power supply. 

The final Whopper System would thus have the following configuration: 

o iomhz 68010 processor 

o mmu with 512 byte pages and 4 MB real address space 

o 720 x 544 video (with 720 x 364 mode) 

o 128K ftotl (maximum) 

o 896K RAM (maximum without expansion card) 

o Built-in Sony Floppy Disk drive 

o Built-in Widget Hard Disk drive 

o 2 Built-in Serial ports 

o Keyboard/mouse interface with TOD clock 

To enhance the compatibility between Whopper and Mac, a "square dots" video 
mode is provided, the Sony Floppy Disk drive is used and a "Mac-like sound" 
generator is provided. Considerable software effort will still be required to 
make Mac applications run on the Whopper . 

In addition to the electrical design the Whopper will require mechanical 
design to provide new sheet metal for mounting the disk drives and different 
card cage components . A new power cable harness will also have to be designed . 
cost reduction is an important part of the Shopper project and these parts will 
be redesigned in the most cost effective manner possible. 
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Differences in the Whopper 

A significant space reduction in the Whopper coroes from the floppy disk 
controller, which in the Lisa 1 is about 30 IC* s and occupies about 1/2 the I/O 
board. This is reduced to the single tm chip and several I/O bits in 1.75. 
This will require the 68010 to control the data transfers to and from the disk 
directly rather than relying on the 6504 as is done in the Lisa. Careful driver 
design will be required to prevent* interference between the floppy disk, 
Applebus and other serial communication . To ease this design effort a general 
purpose timer chip will be included in the Whopper. This chip will provloe 
three 16 bit timers under software control . These timers will make it possible 
to sequence the disk head stepper motors under interrupt control rather than 
using wait loops. In addition, the timers will make it possible to read a 
sector, determine the distance to the desired sector, and set the timer to 
interrupt just before that sector passes, avoiding the need for the driver to 
wait until the desired sector passes . 

A built in hard disk will be provided in the Whopper. In order to make room for 
the hard disk mechanism the upper floppy disk drive will be eliminated, saving 
the cost of the second floppy , 

Since the hard disk is built-in and all printers will be serial, there is no 
longer a need for a built-in parallel port. Removing this frees up both board 
space and I/O pins thus making the two board Whopper possible . 

parameter memory has been eliminated. With a built-in hard disk this is no 
longer necessary . Seven bits of parameter memory will be provided in the cops 
chip to store the default boot device (this will be stored as 7 data bits and a 
parity bit). Battery backup of the time and parameter memory will also be 
eliminated, saving board space and cost. The +5 standby supply win be 
retained so the clock will only have to be reset tfien there is a power failure 
or the system is unplugged , 

Total RAM is decreased from 1MB to 896KB, this is due to board space 
limitations. Also, main system RAM can be installed in increments of 128K 
bytes, thus making system memory sizes of 256k, 384K, 512K, 64GK and 768K 
possible. Programs that work on the Lisa may not work on the Whopper however 
the intention is that the applications and high level parts of the OS should 
work on both systems; drivers will have to change but may sense the operating 
environment, and adjust their actions accordingly, 

Additions and Enhancements 

The 68010 has been chosen because it supports instruction restart and fast 
move loops. 

A 10 MHz CPU clock has been selected because 10MHz parts are now available, 
it ' s faster, and 10MHz is 1/3 the 30MHz clock used in the video circuit . 

The mmu in the Whopper will do both the relocation and check in parallel rather 
than serially, as is done in Lisa. In addition, separate video memory will be 
provided so that accesses to main memory will not nave to wait for video 
accesses. The result of these two change? is that the memory cycle time will oo 
from 800 ns per access to 500 nS in the Whopper. Note that this is slower thai 
twice as fast as Lisa; even with the removal of the video access one wait state 
is introduced to perform the memory management function. 
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In addition to main memory, ROM accesses and I/O accesses will not be 
synchronized to video. 8y doing this, and by using faster ROMs, the ROM cycle 
time can be decreased from 800ns to 500ns. 8y using improved I/O interfaces 
I/O accesses can be reduced from i600ns to as little as 400ns . 

The built-in iomb hard disk provides mpre storage with faster access times at 
lower cost compared to the Profile hard disk. The Whopper will make use of the 
USD designed controller that will support 2:1 interleave, cooperation 
between poso and MSO will be required to achieve 2:1 Interleave; if a data 
transfer rate higher than l MB/sec is required the result will be 3:1 
interleave. This decision was made to reduce the risk associated with 
designing another disk controller . 

More ROM has been added to provide space for commonly used code and I/O device 
drivers. 

Block Diagrams 

Attached to this description are two block diagrams "ITwpper CPU" and "Whopper 
mmu and Memory" . These block diagrams show the division of components to the 
two logic boards in the Whopper system. 

ROM 

Up to 128 Kbytes of EPROM can be installed in the Whopper CPU board. This 
^translates to four pairs of ROMs, 32 KB per paitf, 8 ROMs total. Four pairs of 
ROMs are provided to permit the ROM code to be broken up into sections that can 
be ECO'd individually, freaking c6de maintenance easier. A possible division 
is: 

ROB Sogntnt * A ddrtss Rangt Contants . 



ROW 0,32,64,96 §000000~$007FFF Diagnostics and Boot Coda 

RCtt 1 1,33,65,97 f020000~§027FFF Ouickdraw 

RGB 2 2,34,66,98 $©40000-$047fFF Operating $ystan - Drivers 

RCA 3 3,35,67,99 $060000-$067FFF Lisa** 

ROM* s can be accessed in the indicated address range if the setup bit is high, or 
if the mmu is set to map this ROM to the address . The two high order address bits 
are don't cares when decoding the ROM so the high nibble of the ROM addresses 
can be $0, $4, $8, or $C. If the MMU is used to map ROM addresses, the segment 
number used to map the ROM must one of the numbers indicated in the segment # 
column. Note that 32 KB is the maximum memory size that can be accomodated by 
the ROM sockets, smaller ROMs can be used if less code is required. 

The system serial numoer will be stored in a PROM. There ate three possible 
locations for this PROM; The video state machine PROM (as in the Lisa), a small 
PROM installed specifically to store the serial nun&er, or in one of the ROM* s 
that store the system code. The order of preference is the same as the order 
presented here; every attempt will be made to use option 1 or 2 rather than 
option 3. 
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he ihqpper CPU Board 



Total I/O: 56 




Vldto Out 

4 A 




Built-in I/O (40-1**) 




16 pin tq. ICs: 126 



But: 71 

I/O: 56 

Pontr: 16 

Total: 143 
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Video RAH 

128 KB of RAM reside on the CPU board. The first 43K of this ram contain the 
video bitmap that is displayed on the screen . 

The video in the Whopper provides resolution of 720x544 in its normal mooe . a 
Lisa compatadility mode is provided to provide a 720x364 screen size so the 
Lisa programs will run on the Whopper.. 

The state of the video mode bit dontrol the mcurrent mode of the video 
display. The following addresses in video RAM are used for the display: 

Video node-. VW bit - Screen Sizt Address (in' Sequent » 30, 62, 94, or 126) 

Moroal 720x544 $000000 - $008M0 
Lisa 1 720x364 $001FA4 - $009F9C 

The state of the video mode bit can be read in the system Status Register 1, bit 
. The address of Status Register l is $003003 in Segment # 12, 44, 76. or 108 . 

Note that the segment # used can only be one of the four numbers indicated, 
mapping thru the mmu can only relocate the bits to one of the four segments and 
control access . Also note that when the setup bit is set to a 1, the main memory 
is not accessible, so the video RAM is the only ram available. Thus rom 
programs that set the MMU will store their data structures in a quadrant of the 
video RAM. As will be mentioned later a part of the video memory is set aside 
for use by the sound generation system. 

Like the Lisa system, video and CPU accesses to video memory are interleaved. 
However, in the Whopper, during the horizontal and vertical retrace intervals 
the CPU has access to video memory and the video circuit never makes any 
accesses, permitting a higher CPU access rate. In the servant application, 
where there is no video circuit, the video circuit can be programmed to access 
the video RAM only fast enough to refresh the RAM, making the video RAM have the 
same performance as main memory. Note that accesses to main memory (RAM other 
than video RAM) are not interleaved and will be performed in 500 ns. 

The video circuit can be programmed to generate a level 1 interrupt at tne 
start of vertical retrace. The state of the Interrupt flag can be checked by 
reading system status regi star 0, bit 2 . The addresses are : 

Vertical Retrace Interrupt Enable: Read $003000 

Disable; toad $003000 

All accesses in Segnenti # 12. 44. 76. or 108 
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Hard disk Interface 

The hard disk interf ace provides a parallel port that can talk to an interface 
that is similar to the Profile interface. The built-in hard disk will have a 
Profile* controller which will be installed witn the drive in the disk cage. 
The Profile* controller can accomodate either a lp or a 20 Mbyte disk drive. 
The interface consists of an 8 bit bidirectional data bus, a strobe and data 
direction control line , two handshake lines and the reset line. In the 
Whopper implementation, the strobe is generated by accessing the address of 
the data port and the data direction control line is Just the state of the 
system Read line. Thus to transfer data to or from the disk controller a 
program simply writes to or reads from the data port and the control signals to. 
perform the transfer are generated. The two handshake lines BSY and ChD are 
controlled by reading or writing bits in the status and control registers. BSY 
can be read in bit 7 of status register 1 at location $003001 in Segment # 
12, 44, 76, or 108 . ChD is controlled as follows ; 

CrtO Set to How; Rood $003060 All accesses in Segnent a 12.44.76, or 108 
Settohiflh; Rood $003070 

In addition to reading the state of the BSY signal, a negative edge on the BSY 
signal will generate a level 1 interrupt; the state of the hard disk interface 
interrupt can be read In bit 3 of Status register at location $003001 in 
Segment # 12, 44, 76, or 108. The hard disk interrupt may be disabled or reset by 
accessing the Hard Disk Interrupt flask in the control register. TO reset the 
interrupt, disable then enable the interrupt. The bit is controlled as 
follows: 

HO Int rtosk Enable: Road $003007 All accesses in Segnent # 12.44,70, or 10$ 
Disable: Road $003006 

When data is transferred to or from the hard disk the parity of the data is 
monitored . When a parity error is detected a flip flop is set . The state of the 
flip flop can be read in bit 6 of Status register at location $003001 in 
Segment # 12,44,76, or 108. The parity flip flop is reset or disabled by 
accessing a location in the control register. To reset the parity flip flop 
parity is disabled then enabled. The following controls the parity enable: 

HO Parity flask Enable: $00300F All accesses in Segnent # 12,44.76, or 108 
Disable.: $003006 

The system RESET signal is connected to tne hard disk interface so the hard 
disk controller win be reset when the Whopper is reset. 

Floppy Disk Controller 

The floppy disk controller is implemented using the IWH controller chip. In 
addition to the IWM chip. Timer 1 in tne system timer is designed to be used in 
conjunction with floppy disk control, and two programmable bits are provided 
to control the floppy disk. Since the Whopper requires the 68010 to control 
the floppy disk several functions must be provided by the 68010. These 
include: 

1 - When the 10 ms timer interrupt occurs, the interrupt handler 
should poll the drive to see if a disk has been inserted or if the 
disk eject button has been pushed. 
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2 - When the carriage is to be moved (e.g. when a seek occurs) the 

68010 should program Timer i to interrupt when the phases must 
be rotated to the next position. 

3 - When data is transferred to or from the disk the 68010 will 

perform yme nlbbleization and denibblet^ation and the data 
transfer via the I WM chip. 

The reader is referred to the IWM chip documentation for programming details 
on the I m chip . The 8 1 Wtf registers are addressed as follows : 



All acctssas in Stgntnt # 12, 44,76 


, or 108 


CAO High 
Low 


$00200? 
$002001 




CAl High 
Low 


$002007 
9002005 




CA2 High 
Low 


$002000 
$00200$ 




LSTRB High 
Low 


$00200f 
$002000 




L-flotor-On 


$002011 




Driva-Sal 


$002015 




L$ 


$002019 




L7 


$002010 




Floppy Disk Hood Selact Sid* 0: 

$ida 1: 


toad $003040 
toad $003050 


Floppy Disk Rptor 


On: 
Off: 


Read $003005 
toad $003004 



Note that the system Al (second from LS8) is connected to the ao input of the 
iwrichip. 

Since the Whopper uses the Mac Sony Floppy Drive, the motor speed must be 
controlled as a part of trie disk interface. The spieed information is sent to 
the floppy drive as a pulse width modulated signal which can be filtered 
(inside the drive) to produce a reference voltage to control the motor speed. 
Attached to this document is the document "3.S Inch Sony Disk Interface" which 
describes the motor speed adjustment procedure. Basically the ?m signal is 
sent to the drive and the tachometer in the drive is monitored to determine the 
speed. If the speed is not correct, the pwm signal is adjusted and the tacn 
monitored again. Since there is no motor speed adjustment in the disk drive, 
the absolute value of the speed number may vary from drive to drive (unlike the 
Twiggy which does have motor speed adjustment) and the driver will have to 
search to find the exact pwm value that gives the correct speed . 

The data value that is supplied to the PWM circuit is stored along with the 
sound data value in a series of bytes in the video memory. For details of 
accessing this memory see the section on the audio circuit below. 
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Audio and Contrast Circuit 

Software controlled contrast and speaker volume is provided in the Whopper. 
The contrast level and the speaker volume is stored in an 8 bit latch. The 
latch is written 8 bits at a time; threg of the bits control the speaker volume, 
the remaining 5 bits control the contrast level , The latch can be written by 
writing to address .$007001 in Segment # 12, 44, 76, or 108. The format of the 
latch is as follows: • 

Data Bits i5 14 13 12 1H0U 7 6 5 4 3 2 1 



Contents * ( Unusefl f Contrast ! volume ! 

Note that the contrast level and speaker volume are both written at the saire 
time; when one must be changed, the other must be rewritten. As in Lisa, when 
the 5 bit binary number in the Contrast field is all o's the contrast is at its 
maximum, when the bits are all 1 ' s the contrast is at its lowest .- When the 3 bit 
binary number in the volume field is all: O's the speaker volume is at its 
minimum, when the bits are all 1 r s the volume is maximum.* 

The toue signal used to drive the speaker is derived from Timer 2 in the 8253 
System Timer chip, using the Timer 2 output pin and setting the timer up in Mode 
3 (square wave output) . Unlike the Lisa, the 8253 timer can be programmed to 
produce a square wave whose period can be adjusted by simply changing a 16 bit 
timer value. Addresses to access the System Timer are given below in the 
section on the Timer . 

In addition to the ability to generate square waves the Whopper has the ability 
to generate sounds from a sequence of bytes stored in the video memory. The 
bytes in the table are fetched, one word <two bytes) at a time at the end of 
every other horizontal scan line, or about once every 60 us. One of the two 
bytes (the high byte) is used to produce the sound signal, the other byte (the 
low byte) is used to generate the ?m signal for the floppy disk. Since this 
table of bytes is sequenced synchronously with the video data, the vertical 
retrace interrupt will provide a signal that the end of the table has nearly 
been reached. The vertical retrace interrupt occurs 12 bytes (or aoout 720 us) 
before the first byte in the table will be read out. This permits a program to 
change the data in the table to produce a time varying waveform that does not 
repeat at a multiple of 60 Hz (the video refresh rate) . The location of the 
table in video memory is : 

SOUNO/PUW byU UbUi OOCOOO - 00C23* in Sffl«tftt# 30,62, M,or 126 

The byte table is sequenced from 00C000 to 00C238 and then repeats . 

As in Lisa the contrast output voltage will reset to maximum contrast, however 
the speaker volume will reset to minimum volume . 

Parity Circuitry 

the Whopper provides parity checking on accesses to system main memory and the 
video RAM. The parity checking circuitry is on the CPU board. When an error is 
detected, the address of the falling location is latched in the Error Address 
latch, the Parity Error bit in the system status register is set, and a nmi is 
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generated . Parity checking can be disabled t>y setting the Parity Enable bit in 



the system control register to a 0. 



Setting the Parity Enable bit to a l 



enables parity checking. The Parity Enable bit is set to a when the system is 
reset . The access address for the Parity Enable bit is : 

Parity Enablt stttoO: Rtod $003020 All aoc«wisin$oflntftt# 12,44.76. or 108 

s*t,tol: R*ed $003030 

When a parity error is detected theltll handler can determine that the source 
of the Nhl is a parity error by reading the PE bit in the system status Register 
0, bit 5 . If a parity error has occured theoit will be a l and the Error Address 
Latch will contain the address of the first parity error to occur since the 
latch was last reset. If a parity error occurs during a DMA transfer the Mil 
will not be detected by the 68010 until the DMA transfer is complete. If 
several parity errors occur only the address of the first erTor since the latch 
was reset will be stored. The Error Address Latch and the PE status bit are 
reset by reading the Error Address Latch. The address of the Error Address' 
Latch is: 

Access in Sogntnt * 12, 44, 66, or 108 

Error Addrtss L«tct>j; Rtatf « wrd fro« $007000 



Tne Whopper only checks parity on CPU accesses, never on video accesses. 
§ince the Error Address Latch is located on the^ CPU board and the physical 
address bus doesn't appear on the CPU board, the Error Address Latch latches 
the 13 most significant bits of the logical address. In addition to the 15 
address bits, the Error Address Latch stores the state of the BGACK signal at 
the time of the error . The parity error mi routine must read the seg bits to 
determine the context and perform the mapping operation to determine the 
physical address of the failing memory location. If the BGACK bit is high the 
parity error occurred during a DMA transfer and Context 7 was used to map the 
access . This may be used tiy diagnostic programs to determine the failing word . 
The register must be read using a word read operation as two byte reads will 
result in one of the bytes containing the address after the latch has been 
partly cleared. If the PE status bit is not set, the contents of the Error 
Address Latch is not ctef ined. The contents of the Error Address Latch are as 
follows: 

Data Bit: 13 14 13 12 11 10 9 8 7 6 3 4 3 2 1 
Contents: A23 fSZ A21 A20 M9 A18 A17 A16 A15 A14 A13 A12 All A10 A9 BGACK 
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System Tiaer 

The system timer is provided by a 8253 type timer chip. This chip contains 
three timers whose use is a described below: 

Timer o - This timer is to be used as the 10 ms interrupt timer . it 
will be clocked at 1,25 HHz and will produce interrupts at 
Interrupt level l. using the Latching count moae this 
timer may be read on- the fly for accurate microsecond 
timing measurements'. The state of the Timer o interrupt 
flag can be? read in the system status Register Q, bit . 

Timer 1 - This timer is to be used with the Floppy Disk controller . 
"* It will be clocked at 1,25 HHz and will produce interrupts 
at interrupt level 6. The state of the Timer 1 interrupt 
flag can be read in the system status Register 0, bit l . 

Timer 2 - This timer is to be used to produce the tone output for 
driving the speaker, it will be clocked at 1.25 riHz. it 
does not produce interrupts . 

The reader is directed to the Intel 8253 data sheet for programming details on 
the 8253 timer . The timer may be accessed at the following addresses : 

All oddrtssts in $*gntnt #12. 44,76, or 10* 

Rood/load Counttr 
Read/load Count*! 1 
R»ad/load CounUr 2 
Writ* Hodo Rtgistor/fttod is « NOP 

COPS Keyboard, house. Power, Clock and Timer Functions 

The cops in l .75 is provides the same functions as in Lisa and operates in much 
the same manner. The cops receives data from the keyboard, mouse and on/off 
switch, processes the information, and relays it on to the 68010 in a more 
convenient form. The cops also provides a time-of-day clock and a timer/alarm 
for the system. 

Sending Commands to the COPS 

The cops Is designed to communicate with the 68010 via interrupts, however it 
can be treated as a polled device, although this requires more software. 
Commands are sent to the cops by writing the command to the cops directly; 
however, a command cannot be sent if the last command has not been processed or 
if the cops Is in the process of sending data to the 68010 . 

If the cops interrupt is enabled there is no need to check for incoming data from 
the cops since this will generate an interrupt. If the cops interrupt is 
disabled then the interrupt line from the cops must be checked before sending a 
command to the cops, fill interrupts must be disabled between oie check of the 
interrupt line and ths time that the command Is written into the cops, in 
addition, the time between these two events must not exceed 7us or the command 
may be lost occasionally. The flow chart on the sheet entitled "Talking to the 
l . 75 cops* details this . 

If there is no incoming data, then the COPS must be checked for command 



July 14, 1983 - 11 - The Whopper ERS 



processing. This is done by reading the cops, if the last command has not been 
accepted by the cops it will still be in the cops register. If the last command 
was accepted by the cops the register will have been set to an • FF ' by the cops . 

Reading Data from the COPS 

Under interrupt operation reading data from the cops is very simple, once it is 
determined that the cops is the interrupting device the 68010 reads the cops 
register, this is the data. This register contains the data until it is 
written into by the 68010, which is the way the 68010 tells the cops that it has 
read the data and no longer needs to read it from the cops . 

Note that with this protocol the data from the cops can be read any number of 
times without losing it. Also note that the data in the cops register may not 
become valid until up to 30us after the interrupt line becomes active. 
However, this time may tend to be masked by the normal interrupt handling 
functions performed by the 68010 . 

System Reset, fall and Soft Power 

in the Whopper the cops controls the system reset function, as on Lisa, system reset 
is generated upon the following two conditions. The first is power-on, the 
COPS generates a system reset when the system is turned on either by pressing the 
power txitton or the power-on alarm turning the system on. The second is the 
reset button located on the back of the Lisa. In addition, the software can 
send a system reset command to the cops to generate a system reset, 

Note that as on Lisa the RESET button may be pressed at anytime, thus this "use 
at om rlstf* function can cause undeslred results when pressed by the user. 
The reset switch will be located on the CPU board and will be activated by an 
button that will attach to the back cover through the vent slots. This button 
may be removed by the user or OEM without disassembling the Liss*, if desired . 

Lisa provides a method of generating a Nhl from the keyboard using a key on the 
keyboard. The Whopper will delete this function and provide instead a 
pushbutton switch on the CPU board that can be activated by an optional button 
that will attach to the back cover through the vent slots. 

As on Lisa, the cops controls the system on-off function. When the enable port 
command is executed, the soft-pomr function is also enabled. After the 
soft-pomrf unction has been enabled after a system reset the only way to turn the 
system off (short of pressing the reset button to restart the system and try 
again, or pulling trie power cord) is for the software to send the cops a turx-off 
command . 

The Clock and Timer/Alarm 

The clock and timer/alarm in the COPS are the same as in Lisa. The clock is a 32 
bit binary counter with resolution to the second. The timer/alarm is a 24-bit 
binary countdown timer that decrements every second, when it goes negative an 
80 FC is set to the 68010. The timer can also be programmed to turn on the 
power, if desired. 
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COPS Cownuni cat ions Protocol 



INT 

wr command 

Read Data 



any comarxJ 



> 



Twr-*i 



■< ( Ack w/ FF~) >- 



< v «m > 



!*♦" 



•Trd- 



Parm 



Definition 



min 



max 



Twr 
Trd 



Time to write command after INT 
Time until Read Data valid 



22US 



7us 

30US 



Note - if polling Is used to determine if int is true, all interrupts must 
be disabled during the polling for Command Write operation to the COPS. 
If the COPS interrupt is enabled then no polling of the INT line is required 
since the Interrupt itself will prevent the command from being executed 
until after the interrupt is serviced. 
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Keyboard/Mouse COPS Commands 



Cofwnand 



JjggCrtlttlQn 



oooo oooo 

0000 0010 

0001 nnnn 
0010 spm 



0011 mm 

0100 mm 

0101 nnnn * 

0110 nnnn » 

0111 nnnn 
IQrr rrrr * 
noo nnnn * 

1101 0001 » 

1101 ooio » 
1101 oioo » 
mi mi *■ 
anything else 
* new command 



Turn Output Port on, enable soft-off 

Read Clock Data 

Write nnnn to clock 

set dock node 
s - enable clock set mode 
p - - power on 

m - 00 Clock/timer disabled 
01 Timer disabled 

10 Timer underflow interrupt 

11 Timer underflow power on 
write nnnn to low keyboard indicator 

Write nnnn to high keyboard indicator 

set high digit boot device 

Set low digit boot device 

AutoMouse timer value 

Read register rr rrrr 

write nnnn to last register read (diagnostic only, 
see ccps listing for register functions, warning : 
this Instruction can cause unpredictable results) 

Enable register write modfc for next comsiand 
(diagnostic only) 

Reset Keyboard 

Perform svsteh reset Function 

no operation 

undefined, unpredictable results may occur 
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ESET cooes 


Reset Code 


00 - 8F 


CO - CF 


Dx 


Ey 


FO - Fa 


FB 


FC 


FD 


FE «. 


FF 



Definition , ■• 

i n ■ ' . ' ' 'H i » '■ V m i " _ I i i . i n i ' iii 

Reserved Keyboard ID codes 

Reserved for future use 

Data x read from cops ram 

Clock data follows (y*year) 

Reserved for future use 

soft on/off switch pressed 

Timer Interrupt 

Keyboard disconnected 

CPU board COPS hardware error detected 

Keyboard hardware error detected 



SYSTEM RESET FUNCTIONS 

The following events occur following the release of the reset button (or the 
on/off switch if the system was of f ) and are part of the smen reset function : 



Event Data -> 68010 


Cownents 


Reset 68010, I/O 


■ ~— ' ■ 


Reset system 


Disable port 


-— . 


Don't send data to 68010 until 
its ready to receive data 


Disable Mouse 


-"»— 


Don't read mouse until 68010 
is ready 


Reset Mouse 
switches 


"*"*"■ 


Reset mouse switch status to 
all up position 


Reset Keyboard 


80 FD 


If Keyboard unplugged 


Keyboard ID 


80 id 


If Keyboard sends its id 
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!. ' I 



Talking to the COPS 



/Sand cowiand y 
\interrupts on/ 




*& r 



f Processing ^\ 
ylast cownanfty 



Write Connand 
to COPS 



( Done J 



a Read Data A 
a interrupts/ 



Read Data 
fron COPS 



Write 'FF* 
to COPS 



(""■) 



/SendconnandN 
V^nterrupts off/ 



Disable ALL 
interrupts 



Write Connand 
to COPS 



Read Data with 
Interrupts off 



th\ 




UQ Processing 
last c-cxwwhJ 



Enable interrupts 
if desired 



f Done 



J> 
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Read Data 
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Write 'FF* 
to COPS 
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TxD 


yes 


RxD 


yes 


CT9 


yes 


RTS 


yes 


OCD 


yes 


DSR 


yes* 


DTR 


yes 


Tx clock out 


yes 


Tx clock in 


yes 


Rx clock in 


yes 



serial CofwiuriicaUons 

the Whopper uses the Zilog SCC to provide two serial communication channels. 
One of the enamels is conf igured with modem control lines, the other channel 
has minimal handshake lines but supports the Appleous drivers and receivers. 
Both channels are clocked at the same frequencies as the Lisa: Channel a is 
clocked at 4 MHz and Channel B is clocked at 3.6864 MHz. The signals supported 
by the two channels are: 

Signal Channel A Channel B 

yes 
yes 

no ' 

no 

no 
yes 
yes 

no 
yes 
yes 

" DSR on Channtl A is rtad by rtading tht stata of tht DC0 
input on Channtl t„ or by rtading tht stata of tht SYWCA 
pin (asynch nodt only) , no inttrropt nay bt otntratati by 
adgtsonDSR. 

* The reader is directed to the Zilog SCC manual for programming details 
for the SCC chip. The addresses of the SCC registers are as follows: 

All acctssts in Stgnant * 12, 44.7$. or 100 

Channtl A Data: §006007 
Control: $006003 

Channtl B Data: $006005 
Control; $006001 

To permit self testing, a control bit that can disable the TxD a output has been 
provided. It is accessed as follows: 

All accassts in Styttnt # 12, 44,76. or 108 

TxD A/LED Disatola/On: $007000 
Enablt/Off; $007000 

In addition to enabling the TxD A output, the bit controls a LED mounted on the 
CPU board. This LED is provided to permit diagnostics that run during board 
bumin to communicate results of tests. The LED will be off during normal 
system operation. 
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Built-in Systen Devices Addresses (speciai address space) 



Jevioe Address 
(SetUp»l Of 

mu S«t here) 



Cm Board Devices 

(Sub>ct to change) 

(SetUp-1 or 

napped via IflU) 



23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 



Device Segnent 



6ft byte device eddress blook 



32/64K £01 (RQRO) 

i 32/64* am (ftcni) 

2 32/64K ROW (RQR2) M 

3 32/64K RCH (R013)« 



4rB Undefined F Exp Slot 3 
' C Internal I/O 10-10 Undefined 
Exp Slot 1 * 1E-1F Video RM1 
E E*p Slot 2 
* Optional, nay nol be installed 



23 22 21 20 19 18 17 16 





... J, ,. 



15 14 13 12/11 10 9 



Dev Seleet 



4 KByte 



Device Address Spec* 



JjnEAD ^ ; 

Hard Oisk 

1 (not defined) 

2 Floppy Oisk 

3 Status/Control 



mn , , 

Hard Disk 
(not defined) 
Floppy Oisk 
(not defined) 



4 Tiner 

3 COPS 

6 SCO 

7 Error Addr Latch 



JW3TE 

Tiner 
COPS 

sec 

Video/Audio Levels 



Writ* Centre! 

jad Location... 



23 


22 


21 


20 


19 


18 


17 


16 


15 


14 


13 


12 


11 10 9 


8 


7 


6 


5 


4 


3 


2 


1 





X 


X 





1 


1 

















1 


1 


( j 







o 






Mo Change 4 — 

1 Sag 5 — 

2 Sag 1 6 — 

3 Seg 2 



7 Setup 
(nenory Board) 



1 Parity Enable 

2 FO Head Select 

3 HO cno 



4 — 

5 Video node 

6 Vertical Retrace 

7 Disable AU int 



Mo Change 

1 Mr «r Parity 

2 FO Hotor On 

3 HO Int flask 



4 — 

5 — 

6 LEO 

7 HO Parity Mask 



(CPU Board) 



(CPU Board) 



23 22 21 20 19 18 17 16 \ 15 14 13 12 11 10 9 8 17 



4 3 



Read Status 



SU SatUp 
SQ2 Seg 2 

SCI Seg 1 
SCO Seg 



ND8 HO Busy 
HOP HO Parity 
PC Parity Error 
COP COPS int 

SL4 Status Slot 4 
SL5 Status Slot 5 
RBU flrtu Error 



SO 



1 80 



10 



1/0 X 



) 



% 



HO Hard disk Int 
VftT Vertical Int 
TO Tiner LP Int 
Tl Tiner 1 HP Int 

VH> Video bits 

CS CSync 

m Video Node 



1 







Qtr 1 



15 


14 


13 


12 11 


Status Register ( 
10 9 8 7 6 


5 


4 3 


2 1 





X 


X 


X 


X |'SU 


SC2 


$01 


SCO 


HOB 


HOP 


PE 


COP HO 


vrt|ti 





* Status Register 1 
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 


X 


X | X 


XJSL4 


$15 


JWU X 1 X 


X 


X 


x jviojcs Vfl 


X 
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Status Register 

As indicated in sections above there are various bits in the system that cai be 
read and written. A summary of these bits is contained in the figure "Built-in 
System Devices Addresses 6 . This figure shows the layout of the status 
registers and the locations that can be read to set the various control lines 
in the system. Note that* the status registers are word wide with the low byte 
reporting the state of bits on the CPU board and the high byte reporting the 
state of bits on the Memory board. 

The "new" Slot 4 

The space that the Lisa memory cards occupied is now free for one additional 
card, a separate 2MB address space has. been defined for this card, it is 
anticipated that the slot will be used for memory expansion and to provide a 
place for slave processors . 

OHA 

the Whopper supports DMA by using the same mechanism that is used in the Lisa. 
The 66010 bus master control lines are connected to the expansion slots and bus 
arbitration is performed on the CPU board. In addition to the three expansion 
slots, slot 4 can control the bus and are thus provided access to the bus master 
control lines. The arbitration scheme used is that the Bus Grant (BG) signal 
is daisy chained from slot to slot to establish the DMA priority, in the 
Whopper the priority is: 

Highest Slot 4 

Expar ttioo Slot 3 , 

Expansion Slot 2 
LotMst Expansion Slot 1 

Once the bus master has Jaem established and the 86ACK signal asserted, the new 
bus master can access memory . In the Whopper DMA controllers generate logical 
addresses which are mapped through the MhU using context 7. To generate a 
logical address requires 24 address bits which are generated as follows for 
Expansion Slots 1-3 : 

A23-A21 - Forced to 1 by DMA logic 

A20-A13 - Generated t>y DMA latch 

A12-A1 -Generated by DMA controller/ connected to bus 

For Slot 4 all address bit (A23-A1) are generated by the card in Slot 4 . 

The DMA latch is loaded by a rising edge oh the LDMA signal as in Lisa . Note that 
since A23-A21 are forced to a l for Expansion Slots 1-3, DMA can be performed to 
video memory but not to other I/O or ROM and that since DMA is performed using 
Logical addresses tne ntti can be used to map accesses to memory located in slot 
4. Note that since all address bit are provided for DMA to Slot 4, any 
memory/10 can be accessed . pare is therefore required so that slot 4 devices 
don * t inadvertantly change system status registers . 

In addition, the MMU can control access to memory when DMA is performed, if an 
access violation occurs during a DMA transfer the data will not be transferred 
to memory and the MMU error bit. Status register 1, bit 9 will be set and can be 
checked at the end of the DMA transfer to determine if the transfer was not 
permitted. 
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•HOPPER BUS STRUCTURE 



CRA Control 



Main Memory 
(on rtu card) 



*- 



IWfr-20 



Al-8 



00-15 



RFSH 



ht-U 



ttA$-20 



* i *r-V* r t 



(HA Address 
Latch 




Al-12 



im 



00-15 



LOW 



jSIsUL 



Slot 1 

External 
Expansion Slots 



DMA Control 



Select 



HA9-20 



Al-23 



00-15 



Slot 4 



Internal 
Expansion Slot 



lulu 1A iotn 



HMU Access ,-- Register Addressing Definitions 



To access the «HU registers access this location with SetUp»l; 



IMI Register Access 

MfbTttKt 

(Setup wist be true) 



23 22 21 20 


19 10. 17 


V 


l» 


14 


13 


12 


11 


10 


9 





7 


6 


5 


4 


3 


2 


1 





Segne it 


* 1 -* 
1 0/1 
































o 














,, 


' 


—»—. ■ 


. -. 


■ i i . i 


> 




- 
















1 









o~, U^> 



■f 



The 16-bit bast address register is defined as follow: 



HIU Base Register 
(Subj to change) 



13 14 


13 


12 


11 10 9 





7 H 3 4 


3 2 1 





R/ulsTK 


SP 


EXP 






Base Address 







Men KO 

1 Exp RO* 

2 Undefined 

3 Undefined 



4 Unnapped rten R/V / c Hen Stack 

5 Undefined 9 Exp R/V Exp Stack* 

6 Undefined A Undefined E Undefined 

7 Undefined 8 Spec R/W F Undefined 



* flay not be inplenented on all devices 
Mote: 8a Q2i set htlU to Undefined states 



The 0-bit segMmt linit regisur is defined as follows: 



(MU Unit Regiirtar 



15 14 13 12 11 10 9 





7 


6 


5 


4 3 2 


1 





not used 








Unit 
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Since slot 4 can contain either a bus master, which operates on logical 
addresses or memory which operates on physical addresses, both address buses 
must be present at the slot connector. Figure "(Shopper Block Diagram" snows 
the buses in the Whopper . As can be seen, the physical address bus MA9-MA20 and 
the logical address bus A1-A23 are connected to slot 4 (duplicating A9-A20), 
which permits access to both physical and logical addresses. Note that it is 
possible to perform PMA from a card in slot 4 to memory located on that card. 

rttu Address Spaces, control and protection 

The Chopper httU is very similiar to the Lisa MMU , There are three 2 MB address 
spaces. The three address spaces are: * 



Address Space 


Function 


Relocation 


Unit Check 


Reed Only 


Stack 


MAIN MEMORY 


Mein Storage 


yes 


yes 


W* 


yts 


EXPANSION 


Additional RAM 


yes 


yes 


yes 


yes 




Additional I/O 


yes 


yes 


« 


• • 




Additional CPU 


yes 


yes 


• 


• 


SPECIAL * 


Built-in I/O 


United 


no 


no 


no 



"Depends on device inplenentati on of slot access 
: control and devices 

The main memory address space and expansion address space are each divided into 128 
128KB Segments with an incremental resolution of 512 bytes. These segments 
may be treated as read only or read write and as stack or oata/cooe Segments. Limit 
* checking is performed on these segments identical to Lisa. 

The third address space is the special space, this addresses all devices on the 
CPU board and the Memory/MMU board. In this special address space the addresses 
are not translated by the MhU but rather the MMU is used only to select a 
specific segment within this address space. The read only and stack functions oo 
not exist in this address space. Also note that devices in the special address 
space may only appear in four different segments, for example, internal i/o may 
be mapped to virtual Segment 12, 44, 76 and/or 108 f 

Invalid memory accesses through the MMU causes a 68010 bus error cycle. In 
addition, the hmu error status can be read from the system status register. Note 
that a bus timeout also causes a bus error cycle . 

MMU Register Contexts 

Tbe Whopper MMU contains up to eight MMU register sets, or contexts. This is 
twice the number as in Lisa. As in Lisa, context is reserved for supervisor 
state access. Context 7 is reserved for DMA accesses since all OMA accesses 
are mapped through this context . 

The current context is defined by the seco, seci and seg2 control bits . These bits 
can be set by reading the following locations in the status/control section of the 
special address space: 

ADORESS TO CLEAR APORfSSTOSET ADDRESS TO READ BIT TO REAP FUNCTION 

003800 003900 003000 8 SECO bit 

003A00 003800 003000 9 SEC1 bit 

003000 003000 003000 10 S£C2bit 

Note that the sec bits can be read in status register o as indicated above . 

The 68010 provides an Alternate Function Code register that can be used to 



July 14, 1983 - 22 - The Whopper ERS 



generate accesses to data in the user's address space while operating in 
supervisor mode. 

Trie Setup bit 

The set-up bit is providep so RAfi can be mapped into segment 0. in order to 
access the mu registers sit-up must be set to 1 . Note that when set-up is a i, the 
66010 can only access devices in the special address space, hainhehory and expansion 
memory cannot be accessed. Therefore any common data must be stored in a 
portion of the video memory . 

The register drawings show how the bits in the mi registers are laid out . Note 
that the Access Control bits are now associated with the Base register rather 
than the Limit register as in Lisa . 

Note that setup is set to 1 by the hardware upon power on. The setup bit is 
accessed by: 

SETUP BIT Set to 1: Read fron $003EOO All accesses in Segment #12, 44, 66, or 108 
Set to 0: Read f ron $003F00 

Interrupts 

The Interrupt system Includes seven levels of priority interrupts defined as 
follows: 

LEVEL DEFINITION . 

__7 nix, nenory Parity 

6 SCO, Tineri 

5 Expansion Slot 1 

4 Expansion Slot 2 

3 Expansion Slot 3 

2 Expansion Slot 4 

1 COPS, Tiner 0, Vertical t disk 

Parity Error Status, COPS, Ti/ner, vertical, and Hard Disk interrupt status 
can be read at the read status location . 

To permit several instructions to execute "atomicaily- a control bit is 
provided that can disable all interrupts. This function should never be 
invoked for more than a/ew instructions . . The bit is controlled as follows : 

All Interrupts Disable: Read $003F00 All accesses in Segnent #12, 44, 66, or 108 
Enable: Read$003E00 

Ta interact with the COPS in polled mode it is necessary to insure that no 
interrupts occur; the Disable All Interrupts can be used for this function. It 
should be noted that DtlA can still pre-empt the 68010 when interrupts are 
Disabled, so no DMA transfers should be pending when an -atomic" operation is 
desired. The Test and Set instruction will work on the Whopper. Finally, when 
the DMA Mrti context is bein§ modified, care should be taken to insure that DMA 
will not occur, as wild accesses may result . 

Bus Timeouts 

During all accesses a timer is set to cause a 66010 bus error cycle in the event 
there is no response to a bus cycle. Note that if the rtu/hemory board is 
installed a bus error cycle can also be generated if a mu error occurs . The bus 
error software can distinguish between £ bus timeout and an wiu error by reading the 



July 14, 1983 - 23 ~ The Whopper ERS 



mu error bit in the mm status register . 

Reliability Goals 

A final design goal for the Whopper is that the system be reliable. While it is 
difficult to quantify reliability the following is proposed: 

The Whopper PC boards will each be tested to demonstrate that 
they meet the fiTBF predicted by performing a stress level htbf 
prediction. 

Cooperation between the QA department and the engineering department will oe 
required to insure that this goal is met . 

environmental specifications 

The Whopper system will be designed to meet the following environmental 
specifications : 

1 - Operating Temperature: 10 - 40 Degrees Centigrade 

2 - Operating Humidity : Less than 90% R . H . non-conoensing 

3 - Vibration: Shall withstand l .5 g vibration in shipping container 

4 - Shock : inside? shipping carton shock shall not damage hda 

Agency Approvals 

The Whopper shall be approved by all applicable agencies, that is: 

Safety: ul, CSA, tested to comply with IEO380 
RFI: FCC, Class a and VD£, Class A 
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Correctors 

The Whopper provides the following connectors : 

1 - Keyttoard Connector (front of unit, 1/4" phone plug) 

2 - Power Connector (back of unit, standard motor attachment cap) 

3 - Serial Connectors (back of unit, two 06-25 connectors) 

4 - house Connector (back of unit, special 08-9 connector) 

5 - video Output Connector (back of unit, RCA jack) 

6 - Expansion connectors (back of unit, three 56 pin ZIF connectors) 

In addition to the six types of connectors, one or two holes are provided to 
permit a card in Expansion Slot 4 to have external connections . The pinout of 
the Serial Port and house connector is as follows: 

Pin House Serial A Serial B 



1 


SW1 


Gnd 


Gnd 


2 


♦5 V 


TxDA 


TxDB 


3 


Gnd 


RxDA 


RxOB 


4 


L 


RTSA 


- 


5 


R 


CTSA 


- 


6 


SW2 


DSRA 


0SRB 


7 


SWO 


Gnd 


Gnd 


8 


ON 


DCDA 


- 


9 


UP 


- 


- 


10 




-■ 


- 


11 




- 


- 


12 




r 


- 


13 




- 


- 


14 




- 




15 




TXCA 


- 


16 






- 


17 




RXCA 


- 


18 




■-. ■ 


- 


19 




- 


RxOB* 


20 




DTRA 


DTRB 


21 




- 


- 


22 




- 


- 


23 




' ;-" 


- 


24 




Text A 


- 


25 




- 


— > 
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Appendices 

Attached to this ERS are data sheets containing information on the following 
devices: 

i-iwichip 

2 - sec chip 

3 - 8253 Timer 

4-3.5 inch rtac Sony Disk Drive interface Description 
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Otrfice 


R/U 


Address Range 


lard Disk 


R/U 


oooooo 


OOOFFF 


(nfc defined) 


r/w 


001000 


001FFF 


F2>ppy Disk 


R/U 


002000 


002FFF 


Staws /Control 


r/w 


003000 


003FFF 


Tiner 


R/W 


004000 


004=FF 


COPS 


R/W 


005000 


005FFF 


sec 


R/U 


006000 


006FFF 


Error Addr Latch 


RO 


007000 


007FFF 


VideCAudio level 


WO 


007000 


0Q7FFF 



CPUCK 





CE toROfS 

Status/Control 

DTACK 



D — nc (001000) 
0" — nc (internal) 
— re (internal) 



HD Enable 




Ur Vid/Spk Level 



Al-Ktf \1 



0&-D15 <^Z^> 
AS < 

VPA <- — 
CPUCK <— 

SLn < 

SHn < 

IHTn £- 

IflKn < — ~ 

<r— 

"Ssff < 

"oTW — - 



CPU 



C 



e 



*Qrv linfaiw 



nKSLmJCalMw 



JBL 

iiiiwifflfi^ilTiiTTi^iiM 

SI 

u«niflktm«»nai 
■naJUUhliMa 

■^JhtfiitJi i ■■■ 



} 
} 



■$ 



•* 



flBICRY 



i "*• J*nri. 



■ up in — i— nr iffliflfi ilJffifflffl^ni 



V 



JJfcfiL 



J2SEL. 

mMOcthu 
■ WTWdu 

JL 
2.5K 



1.291 






BESi. 



35SE 



mm 4 ft ? 



SLOT 4/5 

W 



a 
£ 

} 



SLOTS «5 



Contrast 
(2) 



video 

Addr 

(3) 



Mux 



Video Out 



Video Control 



Timing 



128K 
RAM 
(18) 



A 



SR 
(2) 



UABUS 

I^Mt«WWMHWH H ^ M M»H0l t » ^ iltl lH«W III MW I MII t HI I » il HHlHHl6 




KD/Mouse 

(5) 



Built-in I/O 






X. 128K 




UD Bus 

'1*%vflf iwy rniriimniyrt vy viftvi nrimfl m^ffl mvwmjyn'i nmrtmm v mm t ffl fl|frt> 




bfr 



WW MMMM WW W WWWWWWWWWWW 



Parity 
(6) 



I 



Buffer 
(2) 



y—~ 



i 



Error 
Address 

(2) 



Timing 

control 

& decode 

(10) 



16 



O 



32 



Expansion Bus 



USA 1.75 CPU BOARD 



